Abstract: The supply of rare earths in China has been the focus of significant attention in recent years. Due to changes in regulatory policies and the development of strategic emerging industries, it is critical to investigate the scenario of rare earth supplies in 2025. To address this question, this paper constructed a dynamic computable equilibrium (DCGE) model to forecast the production, domestic supply, and export of China's rare earths in 2025. Based on our analysis, production will increase by 10.8%-12.6% and achieve 116,335-118,260 tons of rare-earth oxide (REO) in 2025, based on recent extraction control during 2011-2016. Moreover, domestic supply and export will be 75,081-76,800 tons REO and 38,797-39,400 tons REO, respectively. The technological improvements on substitution and recycling will significantly decrease the supply and mining activities of rare earths. From a policy perspective, we found that the elimination of export regulations, including export quotas and export taxes, does have a negative impact on China's future domestic supply of rare earths. The policy conflicts between the increase in investment in strategic emerging industries, and the increase in resource and environmental taxes on rare earths will also affect China's rare earths supply in the future.
Introduction
Rare earths have a unique place among mineral resources. They have special chemical, catalytic, electrical, magnetic, and optical properties and are, therefore, widely used in traditional sectors, including agriculture, petrochemicals, metallurgy, and textiles, as well as in strategic emerging industries such as hybrid cars and wind turbines [1] [2] [3] . Due to their role in domestic industrial development and economic growth, there is a growing demand for rare earths in many countries. Although, geographically, rare earths are widely distributed over the whole world, they are mainly mined, concentrated, and separated in China and, hence, many countries need to import them. Due to the large state-owned resource requirement, countries that have an enormous wealth of rare earths have reduced their production and export of rare earths to the international market [4] .
Rare earths mainly exist in China, Brazil, Australia, India, and the United States (US). China's rare earths reserve, as estimated by the U.S. Geological Survey (USGS), was 55 million tons of rare-earth oxide (REO) equivalent, accounting for 42.31% of the world's total reserves in 2015 [5] . Accordingly, China's mining production quota for 2015 was 105 thousand tons REO, which was unchanged from 2014 and accounted for 84.7% of the world's total [5] . Therefore, China's rare earths the forecast results under the scenarios of strategic emerging industries and changing regulatory policies. Section 4 concludes the study and provides policy implications.
China's DCGE Model for Rare Earths Supply Forecast
The theoretical basis of the CGE model uses the principles of macroeconomics and microeconomics. The model is suitable for predicting quantity variations in commodities or services in the medium-short term under the external shocks or policy interventions of a competitive market because it features a price mechanism that is powerful enough to solve complicated trade-off problems and that plays an important role in the economy. Economic agents make their decisions about production or consumption according to changes in market prices under given resource and technology constraints. Finally, market equilibrium can be obtained by adjusting prices. The forecasting process can be described as follows: first, a base case is constructed to determine market variations in the future medium-short term based on the observed path of economic development during a past period of the same length without any external shocks or policy interventions; second, scenarios are then built by altering some exogenous variables or parameters of the model to reflect the intended changes; and third, post-shock equilibrium is computed for the future medium-short term, making it possible to quantify future variations in commodities or services under the introduced modifications.
The DCGE model is constructed according to the purpose of this study; it is focused on forecasting the production, domestic supply, and export of China's rare earths under the scenarios of developing strategic emerging industries and changing export and domestic regulations. Figure 1 displays the general structure of the CGE model in this study. The model assembles or disaggregates all sectors in China into 26 sectors (including the rare earths mining sector), as listed in Table 1 . The model is a system of equations describing the behavior of economic agents (including enterprises, households, and government) and the equilibrium conditions and constraints of the economy for factors, commodities, savings and investment, and the rest of the world. There are three modules in our model: the supply module, the demand module, and the closure, equilibrium, and dynamic module. 
Supply Module
The supply module describes the composite goods that supply the domestic market. Composite goods are composed of domestic and imported goods from region A to region N. The Armington assumption [30] is adopted to decide between imported and domestically produced goods by imperfect substitution using the constant elasticity of substitution (CES) production function.
For domestic goods, producers maximize profits subject to technological constraints. The production process can be expressed by a two-level nested CES and Leontief production function. At the top level, a choice is made by the Leontief function between two composite goods: a value-added composite and an intermediate composite. This means there is a fixed proportion between the value-added composite and the intermediate composite for producing a commodity or service. The Leontief production function is expressed as the following equation [31] :
where Y is the aggregate output of the firm, B 1 , . . . , B n are the aggregates of various inputs, and ab 1 , . . . , ab n are the input requirement coefficients. At the second level, the value-added composite is obtained by capital composite and labor with a CES production function. At the third level, the capital composite is decided by natural capital, which in this study refers to ores of rare earths, and monetary capital with a CES function. For the composite imports, the import principle for the commodity or service is derived by cost minimization with a CES function. The CES production function can be expressed as follows [31] :
where Y is the output of production, X i is the i-th input factor, and A, δ, and ρ are the parameters. For simplicity, the small country assumption is adopted, namely that the import price is determined exogenously by world prices [26, 32] .
Demand Module
The demand module shows the total demand of the market, including domestic consumption (including household consumption, government consumption, investment and intermediates) and exports.
For domestic consumption, households-including both rural and urban households-obtain their income from labor wages, returns of capital, and transfers from the government and enterprises. The disposable incomes of rural and urban households, which exclude income taxes from total income, are divided into consumption of commodities or services and savings based on the marginal propensity to consume (MPC). The government raises fiscal revenue by collecting direct and indirect taxes from domestic agents and transfers from foreign agents. After paying for transfers to households and enterprises and export rebates, the government's fiscal revenue is expended on savings and on various commodities and services. The government's saving is set at a fixed rate. For both households and the government, the extended linear expenditure system (ELES) function is used to determine consumption of commodities and services. The ELES function is expressed as follows [31] :
where C i is the expenditure on the i-th commodity or service, P i is the price of the i-th commodity or service, X i is the basic demand for the i-th commodity or service, b i is the parameter that denotes MPC, and Y is disposal income. For investments, the neoclassical closure assumption is adopted. Investment is endogenous and equal to total savings from households, government, enterprises, and foreign agents. For the intermediates, the demand for domestic input and foreign input is decided by a CES technology as described in the supply module.
For the exports, a constant elasticity of transformation (CET) aggregation function between domestic and foreign sales is used. The CET function can be expressed as follows [31] :
where Q is the supply-side output, Y i are the output levels of products, and B, γ, and ρ are the parameters.
Closure, Equilibrium, and Dynamic Module
Three assumptions are adopted in the closure module. First, the government savings are assumed to be endogenous; second, the exchange rate is assumed to be endogenous, while foreign savings is assumed to be exogenous; third, the total investment equals the total savings, as mentioned above.
The equilibrium exists in commodity or service markets and factor markets. The total supply of each commodity or service equals the total demand for the commodity or service market. The total supply of labor and the capital stock for each sector are exogenous for the factor market.
The recursive dynamic structure is adopted in the dynamic module. This structure is composed of a sequence of several static equilibria. The equilibria are connected to each other through capital accumulation. Moreover, the model dynamics are also driven by labor force growth. The growth rate of the labor force is exogenously determined by the average annual growth rate from 1996 to 2010, which is 0.006 [33] . Capital is accumulated by previous capital minus depreciation and current total investment and can be expressed by [33, 34] : where K i,t is the capital stock by sector i in the period t, I t represents the investment carried out in sector i in the year t, and d i denotes the depreciation rate of capital in sector i, which is 0.05 in this study [26] .
Data and Model Calibration
The model is calibrated based on the social accounting matrix (SAM) of the year 2010. The data of the SAM mainly comes from the 2010 input-output extension table of China. Additionally, other statistical materials were used, including the China Statistical Yearbook 2011, published by the National Bureau of Statistics of China, and the Almanac of China's Finance and Banking 2011, compiled by the People's Bank of China. The Finance Year Book of China 2011, completed by the ministry of Finance, People's Republic of China, was also used to construct the SAM for this study. However, we have a data limitation on the analysis for each rare earth element because there is no published input-output for each element's production and demand.
Since there is no independent sector for rare earths mining and processing in the 2010 input-output extension table of China, the sector named mining and processing of metal ores was divided into two sectors: mining and processing of rare earths (sector 4) and mining and processing of other metal ores (sector 5). The compilation of rare earth production costs and income data for 2010 is based on the 2010 report of the Inner Mongolia Baotou Steel Rare-earth (Group) Hi-tech Co., Ltd (Baotou, China). Estimates of intermediate supply and final consumption are calculated using the consumption data from Ye and Wu [35] .
Based on the SAM, a calibration process is conducted to obtain the parameters in the model, including scale parameters and share parameters. Moreover, the substitution elasticity among different factors and commodities, and the income elasticity of rural and urban households, were obtained from Ge et al. [19] and Zhong et al. [36] , as shown in Table 2 . The dynamic model is run up to the year 2025 from the base year of 2010. Specially, the substitution elasticity between rare earths and capital is a key factor in the forecast because it represents the technological improvements on rare earths substitution and recycling. Considering the substitution elasticity between natural resources and capital in other studies, the value of this substitution elasticity in our study is obtained based on the following analysis on the current and future situation of rare earths substitution and recycling.
First, the baseline substitution elasticity between rare earths and capital is assumed to be 0.5. In most studies, the substitution elasticity between natural resources and capital was 0.5-1.2 [37] [38] [39] [40] [41] . What we know is that a high degree of substitution between natural resources and capital implies low criticalities of the natural resources because of the strong substitutability of capital, whereas a low degree of substitution implies higher criticalities of the natural resources. Due to the development of renewable energy such as biofuels, the substitution elasticity between fossil fuel and capital is relatively larger than other natural resources, which is mostly between 0.8 and 1.2. According to the currently weak substitutability of rare earths, the baseline substitution elasticity between rare earths and capital in this study is set to the minimum value in the range of 0.5-1.2, which is 0.5.
Second, the substitution elasticity between rare earths and capital under the scenarios of technological improvement is assumed to be 0.8 for most sectors. Regarding the alternatives, some research projects have been funded to find artificial substitutes of rare earths [42] . For instance, the U.S. Department of Energy (DOE) supports the research on nano-composites to make alternative magnets to substitute for rare earths through the Advanced Research Projects Agency-Energy (ARPA-E) program [42] . However, there are very few effective alternatives for rare earths currently. For example, although the German government has funded the research on reluctance motors and asynchronous motors to substitute the pure Nd-containing permanent motors for electric vehicles, these motors are less compact and less efficient in some operational conditions [43, 44] . Recycling is a common issue on the agenda worldwide because of the production restriction by China and the price volatility, such as the sharp increase of the rare earths prices in 2010 [43] . However, rare earths still remain at a low commercial recycling rate. Although there is some research on rare earths recycling, less than 1.0% of the rare earths were recycled in 2011 [45, 46] . The main reasons are as follows, inefficient collection, technological difficulties and absent incentives (e.g., R and D investment) [47] . Although European countries and Japan have few mineral resources, they are intensifying the efforts to increase the share of rare earths recycling of hi-tech wastes due to the potential of the rare earths recycling [42] . European countries started up "urban mining" projects. Japanese enterprises, such as Dowa Holdings (Tokyo, Japan) and Sumitomo Corporation (Tokyo, Japan), established plants to recover rare earths from old electronics and uranium ore residues [48, 49] . However, recycling rare earths from these fields is uneconomical [50] . Toyota, Honda, Hitachi, and Mitsubishi have also announced rare earths recycling initiatives [51] . If the recycling technologies continue to improve, the recycle efficiency can achieve 40% in fluorescent lights, car batteries, and industrial scrap in the long term [52] . In the new future, the average of recycling will reach 10% under optimistic estimate [52] . Compared to the substitution between energy and capital, the substitution between rare earths and capital will still be at a low level in the new future. However, with the funding from governments and enterprises, the alternatives and recycling will meet a small proportion of the total rare earths demand. Therefore, the substitution elasticity between rare earths and capital under the scenarios of technological improvements is set to 0.8 for most sectors in 2025 which is lower than substitution elasticity between energy and capital in most studies. However, according to the criticality assessments by the DOE [53] , the substitution elasticity between rare earths and the capital for manufacture of non-metallic products (sector 12) and manufacture of general and special purpose machinery (sector 13) is set to 0.5 due to the 'critical' situation in the medium term (2015-2025) of dysprosium, europium, neodymium, terbium, and yttrium.
Forecast Scenarios
Our construction of scenarios is based on the following four factors. First, because the export regulations-including export quotas and export taxes-were abolished in 2015, rare earth exports will be more sensitive to international price changes. Second, according to the previous study of Han et al.
[6], regulations on rare earths in China will be tighter than they were previously, and they will shift from controlling the export process to domestic control, such as by increasing resource taxes or enforcing environmental taxes. Third, according to the 'Decision of the State Council on Accelerating the Fostering and Development of Strategic Emerging Industries', the development of industries including energy conservation, environmental protection, new generation information technology, biology, high-end equipment manufacturing, electric vehicles, new energy resources, and new materials will be prioritized until 2030. Fourth, the technological improvements on alternatives and recycling of rare earths will decrease the demands for them in 2025.
Therefore, we created three scenarios for rare earths supply forecasting: a baseline scenario (S0), an easing supply scenario (S1) and a tight supply scenario (S2). The scenarios are described in Table 3 . Moreover, in order to reflect the technological improvements, S1 and S2 were further divided into S11 and S12 for S1 and S21 and S22 for S2. Note: SEI is strategic emerging industry, which includes sectors 11, 12, 13, 14, 15, 16, 17, 18, 20. (S0) Baseline scenario: under current policies, the growth rates of total investment and labor from 2010 to 2025 are assumed to have had an average growth rate over the past ten years; the substitution elasticity of the CET function for the mining and processing of the rare earths sector is assumed to be the same as other minerals without export controls. (S1) Easing supply scenario: in addition to S0, the growth rate of total investment in strategic emerging industry (the growth in total investment can improve the production capacities, which has an effect on the production volume. In our DCGE model, total production capacity of China's economy is determined by the constraint of total capital and labor endowments at a given technology level. For every sector, we adopt a common assumption in DCGE that there has no excess demand or supply of goods and factors in the competitive markets. This means under the constraints of total capital and labor endowments, the production capacity is totally used for production for every sector. Therefore, if capital and labor have an increase from 2010 to 2025, the production capacity will also be enhanced. The CES production function in our model implies that the production volume is determined by the relationship between product price and factor (e.g., capital and labor) price. In our simulation, the growth in the investment is used to increase the capital for sectors and expand production capacity. In addition, the labor increase can also expand production capacity for sectors. Therefore, in our study, the improvement of production capacities is represented by the exogenous growth of investment and labor.) from 2010 to 2025 is assumed to be two times the average growth rate of the past ten years. Under S11, the technologies on substitution and recycling are assumed to be unchanged. Under S12, the technologies are assumed to improve for all the sectors except sectors 12 and 13. (S2) Tight supply scenario: in addition to S1, because the Chinese government is focusing on the domestic regulation of rare earths by increasing the resources tax or enforcing environmental taxes, the resource and environmental taxes from 2010 to 2025 are assumed to be two times the current weighted average resource tax, which is 12.0%. Under S21, the technologies on substitution and recycling are assumed to be unchanged. Under S22, the technologies are assumed to improve for all the sectors except sectors 12 and 13. China's economy is determined by the constraint of total capital and labor endowments at a given technology level. For every sector, we adopt a common assumption in DCGE that there has no excess demand or supply of goods and factors in the competitive markets. This means under the constraints of total capital and labor endowments, the production capacity is totally used for production for every sector. Therefore, if capital and labor have an increase from 2010 to 2025, the production capacity will also be enhanced. The CES production function in our model implies that the production volume is determined by the relationship between product price and factor (e.g., capital and labor) price. In our simulation, the growth in the investment is used to increase the capital for sectors and expand production capacity. In addition, the labor increase can also expand production capacity for sectors. Therefore, in our study, the improvement of production capacities is represented by the exogenous growth of investment and labor.) from 2010 to 2025 is assumed to be two times the average growth rate of the past ten years. Under S11, the technologies on substitution and recycling are assumed to be unchanged. Under S12, the technologies are assumed to improve for all the sectors except sectors 12 and 13. (S2) Tight supply scenario: in addition to S1, because the Chinese government is focusing on the domestic regulation of rare earths by increasing the resources tax or enforcing environmental taxes, the resource and environmental taxes from 2010 to 2025 are assumed to be two times the current weighted average resource tax, which is 12.0%. Under S21, the technologies on substitution and recycling are assumed to be unchanged. Under S22, the technologies are assumed to improve for all the sectors except sectors 12 and 13. Generally, the largest increase is found in production, domestic supply and export under S11. Production, domestic supply, and exports in 2025 would increase by 12.6%, 9.3%, and 13.5% compared to their levels in 2010, respectively. The variations under S21 indicate that tight supply (induced by the domestic regulations of resource and environmental taxes) would be eased by promoting strategic emerging industries. Production, domestic supply and exports under S21 increase by 12.3%, 9.1% and 13.1%, respectively, which are lower than under S11 but higher than under S0. This also sends a message to the Chinese government about policy conflicts in rare earth regulations. Under S0, due to continuous and steady investment in the relevant sectors and the cessation of export regulations on rare earths, production, domestic supply, and exports in 2025 Generally, the largest increase is found in production, domestic supply and export under S11. Production, domestic supply, and exports in 2025 would increase by 12.6%, 9.3%, and 13.5% compared to their levels in 2010, respectively. The variations under S21 indicate that tight supply (induced by the domestic regulations of resource and environmental taxes) would be eased by promoting strategic emerging industries. Production, domestic supply and exports under S21 increase by 12.3%, 9.1% and 13.1%, respectively, which are lower than under S11 but higher than under S0. This also sends a message to the Chinese government about policy conflicts in rare earth regulations. Under S0, due to continuous and steady investment in the relevant sectors and the cessation of export regulations on rare earths, production, domestic supply, and exports in 2025 would still increase by 11.1%, 8.2%, and 11.9% compared to 2010 levels, respectively, with no other new policies.
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Moreover, considering the technological improvements on substitution and recycling, the production, domestic supply and exports under S12 only increase by 11.1%, 6.9%, and 12.2% compared to 2010 levels. The growth rate under S12 is significantly lower than that under S11 due to the replacement of other materials for rare earths and the recycling of the used rare earths in the downstream products manufacturing. A more pessimistic forecast appears under S22. Due to the increase in the resource and environmental tax rate and the improvement in the technologies, the production, domestic supply, and exports under S22 increase by 10.8%, 6.8%, and 11.8%, which are even lower than the increases under S0.
In 2010, the production of rare earths in China was 130,000 tons REO, out of which the output sale to home markets was 87,025 tons REO, while the export was 42,975 tons REO [54] . Due to extraction control, the production of rare earths fluctuated, with an output of 95,000-105,000 tons REO from 2011 to 2015 [5] . To make future projections more representative of the Chinese government's plan, we use 105,000 tons REO as the basis of our forecast. Therefore, production, domestic supply, and exports in 2025 will be adjusted to 116,335-118,260 tons REO, 75,081-76,800 tons REO, and 38,797-39,400 tons REO, respectively. new policies.
Sectoral Supply Forecast
In 2010, the production of rare earths in China was 130,000 tons REO, out of which the output sale to home markets was 87,025 tons REO, while the export was 42,975 tons REO [54] . Due to extraction control, the production of rare earths fluctuated, with an output of 95,000-105,000 tons REO from 2011 to 2015 [5] . To make future projections more representative of the Chinese government's plan, we use 105,000 tons REO as the basis of our forecast. Therefore, production, domestic supply, and exports in 2025 will be adjusted to 116,335-118,260 tons REO, 75,081-76,800 tons REO, and 38,797-39,400 tons REO, respectively. The largest increase occurs under S11 in all sectors except sectors 12 and 13. Due to the scarcity of alternatives and low recycling efficiency, the largest increase exists under S12 in sectors 12 and 13. If the expected technological improvement happens, the increase in rare earths consumption in other sectors would decrease significantly.
Among the sectors in Figure 3 , the increased investment in strategic emerging industries under S11 will make the rare earths demand in these four sectors increase by more than 9%, including the mining and processing of rare earths (sector 4), the manufacture of transport equipment (sector 14), the manufacture of general and special purpose machinery (sector 13), and the manufacture of electrical machinery and equipment (sector 15). However, the increase is held back under the intervention of resource and environmental tax. Especially, the increase in the mining and processing of rare earths (sector 4) decrease by 0.5% compared S21 to S11.
Regarding the effect of technological improvement, the alternatives and recycling decrease the growth rate by 4.4% for the mining and processing of rare earths (sector 4), 3.2% for the other manufactures (sector 17), and 2.9% for the manufacture of transport equipment (sector 14) compared S12 to S11. Therefore, due to the technological improvement or regulatory policy intervention, the rare earths mining will be curbed. This implies that the number of mining projects of rare earths will decrease in the short and medium term. The largest increase occurs under S11 in all sectors except sectors 12 and 13. Due to the scarcity of alternatives and low recycling efficiency, the largest increase exists under S12 in sectors 12 and 13. If the expected technological improvement happens, the increase in rare earths consumption in other sectors would decrease significantly.
Regarding the effect of technological improvement, the alternatives and recycling decrease the growth rate by 4.4% for the mining and processing of rare earths (sector 4), 3.2% for the other manufactures (sector 17), and 2.9% for the manufacture of transport equipment (sector 14) compared S12 to S11. Therefore, due to the technological improvement or regulatory policy intervention, the rare earths mining will be curbed. This implies that the number of mining projects of rare earths will decrease in the short and medium term. Figure 4 shows the rare earths prices variations from 2010 to 2025. The prices include price of value-added, producer price, consumer price in domestic market, and export price in local currency.
Price Change Forecast
consumption, especially on household appliances, will show a declining growth. However, the investment still goes on the production side, which will lead to overcapacity and the increase in the prices on rare earths as the intermediate input [58] . From the left side of value-added price to the right side of export price, the prices variations are diminishing, which are caused by the following action process. First, the investment is acting on the production side that increases the capital supply and, furthermore, leads to the decrease in the value-added price. Second, the producer price is formed by the Leontief relationship between value-added price and intermediate price, which weakens the impact of the decrease in the value-added price. Third, the consumer price in the domestic home market is decided by the Armington relationship between imports and domestic supply, which reduces the impact of the decrease in the producer price. Finally, export price is determined by the CET relationship between export and domestic consumption, which also weakens the impact of the decrease in the consumer price. Meanwhile, this action process also leads to the differences in each price among the scenarios from left side to right side.
The investment firstly acts on the price of value-added. From 2010 to 2025, the price of value-added decreases by 10.4%-13.4%. Specifically, the investment on the strategic emerging industries (S11) would extra decrease the price by 1.4% compared to S0 and further strengthen the trend of falling price. If coupled with the impact of technological improvement (S12), the price would extra drop by 2.8% compared to S0. The variation pattern in the price of value-added also occurs in the producer price, consumer price in domestic market, and export price.
Comparisons of the Variations before and after the Abolition of Export Regulations
Export regulation, particularly export quotas, plays an important role in China's rare earth supply. One reason is that export regulation decreases the real international market demand for rare earths. Another reason is that export regulation also reduces the sensitivity of the rare earth supply to the international market price. Therefore, we also compare the future rare earth supply before and As shown from Figure 4 , the rare earths prices all decrease from 2010 to 2025 due to the investment-driven economy of China [55, 56] . China is facing a huge overcapacity problem in the rare earths industry because it is one of the least-regulated industries by most standards, especially by environmental ones [57] . With the slowdown in population growth and urbanization, consumption, especially on household appliances, will show a declining growth. However, the investment still goes on the production side, which will lead to overcapacity and the increase in the prices on rare earths as the intermediate input [58] . The annual capacity of rare earths separation in China is estimated to exceed 450,000 tons and actual output is between 200,000 and 300,000 tons, while actual global demand is only 120,000-150,000 tons [57, 59] . This unbalanced supply and demand relationship is the major reason for the decreasing prices from 2010 to 2025.
From the left side of value-added price to the right side of export price, the prices variations are diminishing, which are caused by the following action process. First, the investment is acting on the production side that increases the capital supply and, furthermore, leads to the decrease in the value-added price. Second, the producer price is formed by the Leontief relationship between value-added price and intermediate price, which weakens the impact of the decrease in the value-added price. Third, the consumer price in the domestic home market is decided by the Armington relationship between imports and domestic supply, which reduces the impact of the decrease in the producer price. Finally, export price is determined by the CET relationship between export and domestic consumption, which also weakens the impact of the decrease in the consumer price. Meanwhile, this action process also leads to the differences in each price among the scenarios from left side to right side.
Export regulation, particularly export quotas, plays an important role in China's rare earth supply. One reason is that export regulation decreases the real international market demand for rare earths. Another reason is that export regulation also reduces the sensitivity of the rare earth supply to the international market price. Therefore, we also compare the future rare earth supply before and after the end of export regulations. To simulate export regulation, the substitution elasticity of the CET function for sector 4 is assumed to be 1.15. Figures 5 and 6 show the comparisons of supply variations before and after the abolition of export regulations. According to these two figures, the abolition of export regulations releases the demand, especially the international demand, for rare earths and makes the exports sensitive to international market prices, which leads to an increase in future production and exports. However, domestic rare earths supply, about which the Chinese government has been concerned, will decrease by 0.7%-1.3%. Moreover, for all relevant sectors, the rare earths supply will also decrease. The decreases in domestic rare earths supply under the scenarios of technological improvement (S12 and S22) are larger than that without technological improvement. Moreover, the alternatives and recycling also cause a smaller increase in rare earths production and export. after the end of export regulations. To simulate export regulation, the substitution elasticity of the CET function for sector 4 is assumed to be 1.15. Figures 5 and 6 show the comparisons of supply variations before and after the abolition of export regulations. According to these two figures, the abolition of export regulations releases the demand, especially the international demand, for rare earths and makes the exports sensitive to international market prices, which leads to an increase in future production and exports. However, domestic rare earths supply, about which the Chinese government has been concerned, will decrease by 0.7%-1.3%. Moreover, for all relevant sectors, the rare earths supply will also decrease. The decreases in domestic rare earths supply under the scenarios of technological improvement (S12 and S22) are larger than that without technological improvement. Moreover, the alternatives and recycling also cause a smaller increase in rare earths production and export. 
Conclusions and Policy Implications
Rare earths are important strategic minerals, and forecasting their supply is an essential issue for national economic development and security. China has a large amount of rare earths deposits and, thus, is one of the major rare earth producing and exporting countries in the world. This paper forecasts China's rare earths production, domestic supply and exports in 2025 using a dynamic computable general equilibrium model. From the demand and production sides, we designed two scenarios: (1) an increase in investment in China's strategic emerging industries; (2) an increase in the domestic resources tax and environmental tax on rare earths. In each scenario, a technological improvement on substitution and recycling is also taken into account. Based on the results of the analyzed scenarios, we reached four main conclusions and policy recommendations: after the end of export regulations. To simulate export regulation, the substitution elasticity of the CET function for sector 4 is assumed to be 1.15. Figures 5 and 6 show the comparisons of supply variations before and after the abolition of export regulations. According to these two figures, the abolition of export regulations releases the demand, especially the international demand, for rare earths and makes the exports sensitive to international market prices, which leads to an increase in future production and exports. However, domestic rare earths supply, about which the Chinese government has been concerned, will decrease by 0.7%-1.3%. Moreover, for all relevant sectors, the rare earths supply will also decrease. The decreases in domestic rare earths supply under the scenarios of technological improvement (S12 and S22) are larger than that without technological improvement. Moreover, the alternatives and recycling also cause a smaller increase in rare earths production and export. 
Rare earths are important strategic minerals, and forecasting their supply is an essential issue for national economic development and security. China has a large amount of rare earths deposits and, thus, is one of the major rare earth producing and exporting countries in the world. This paper forecasts China's rare earths production, domestic supply and exports in 2025 using a dynamic computable general equilibrium model. From the demand and production sides, we designed two scenarios: (1) an increase in investment in China's strategic emerging industries; (2) an increase in the domestic resources tax and environmental tax on rare earths. In each scenario, a technological improvement on substitution and recycling is also taken into account. Based on the results of the analyzed scenarios, we reached four main conclusions and policy recommendations: 
Rare earths are important strategic minerals, and forecasting their supply is an essential issue for national economic development and security. China has a large amount of rare earths deposits and, thus, is one of the major rare earth producing and exporting countries in the world. This paper forecasts China's rare earths production, domestic supply and exports in 2025 using a dynamic computable general equilibrium model. From the demand and production sides, we designed two scenarios: (1) an increase in investment in China's strategic emerging industries; (2) an increase in the domestic resources tax and environmental tax on rare earths. In each scenario, a technological improvement on substitution and recycling is also taken into account. Based on the results of the analyzed scenarios, we reached four main conclusions and policy recommendations:
(1) China's rare earths supply will resume its growth trend in the future. The production of rare earths in China will reach 116,335-118,260 tons REO in 2025 based on recent extraction control from 2011 to 2015. In 2016, the Ministry of Land and Resources of the People's Republic of China released its extraction control on rare earths, which was 105,000 tons REO (the same as the 2015 amount). However, production will increase for the following reasons: first, an increase in foreign demand will lead to a decrease in domestic supply, which will prompt the loosening of extraction control and intensify recycling. According to Figure 2 , the increase in exports is larger than that in domestic supply; second, domestic demand for rare earths will grow in strategic emerging industries such as clean energy and electric vehicles. (2) Due to the investment on strategies emerging industries, the mining and processing of rare earths (sector 4), the manufacture of transport equipment (sector 14), the manufacture of general and special purpose machinery (sector 13), and the manufacture of electrical machinery and equipment (sector 15) will be the most important targets of the future supply of rare earths in China. However, because of few alternatives and low recycling efficiency, the domestic supply will focus on the manufacture of non-metallic mineral and metal products (sector 12) and the manufacture of general and special purpose machinery (sector 13). (3) The number of mining projects of rare earths will decrease in the short and medium term due to technological improvement on substitution and recycling and regulatory policies intervention. (4) The elimination of export regulations, including export quotas and export taxes, will have a negative impact on China's future domestic supply of rare earths. Compared to the situation with export regulations, production would increase by 0.1%-0.3% while domestic supply would decrease by 0.7%-1.3%. The same is true in the sectoral supply of rare earths. (5) Policy conflicts will affect China's future rare earths supply. In addition to the executive order type of policy instruments such as extraction control, the Chinese government also adopts economic policy instruments, such as resource taxes, to regulate rare earths supply. However, when the government increases investment or gives subsidies to strategic emerging industries, the regulatory effects of these tax policy instruments will be greatly reduced.
